Abstract. The aim of the present study was to analyze the acquisition of the differentiated phenotype in the human gastric signet ring cell adenoma cancer KATO-III cell line in vitro. The morphology of KATO-III cells was explored by microcinematography. Different cytokines secreted by both adherent and non-adherent KATO-III cells into medium were observed. The cancer stem cell phenotypes were identified by reverse transcription-quantitative polymerase chain reaction using primers (E-Cad, Slug, Snail, vimentin, NANOG, NESTIN, OCT3/4 and C-X-C motif chemokine receptor 4) or antibodies [cluster of differentiation (CD)90 and CD117] by flow cytometry (FACS). The influence of the induction media for the differentiation of mesenchymal cells was studied through viability and proliferation assays, by evaluating gene expression and the expression of markers via FACS. Cell viability and cell cycle distribution were evaluated following the treatment of KATO-III with acetyl salicylic acid and using the induction media as an inhibitor of epithelial-mesenchymal transition (EMT) and heparanase. A total of 3 phenotypes of KATO-III were observed (adherent, non-adherent and cell cluster), which have internal potential for cell transition into one of the other phenotypes. KATO-III was differentiated into adipocyte-, chondrocyte-, osteocyte-and neurocyte-like cells by the induction media. Identification of the induced cells was conducted using cell dyes. Reduced mRNA expression of EMT-associated molecules, stem cell markers and heparanase was observed with acetyl salicylic acid and induction media. An inhibitory effect of acetyl salicylic acid and the induction media was also noted in regard to cell proliferation. In addition, acetyl salicylic acid induced G0/G1 phase cell cycle arrest in KATO-III cells. In conclusion, the induction of the differentiation of cancer stem cells into non-proliferating cells offers the possibility for novel drug design to overcome the issues associated with metastasis, drug resistance and systemic toxicity with improved therapeutic efficacy.
Introduction
Gastric signet ring cell adenocarcinoma (SRCA) is characterized by the presence of isolated or small groups of malignant non-cohesive cells (1) . The characteristics of SRCA are its resistance to chemotherapy (2) , tissues fibrosis and peritoneal invasion (3) . Recently we reported the upregulated expression of heparanase in SRCA, which is involved in the acquisition of the mesenchymal phenotype and tumor cell malignancy (4) . In the present study, it was also revealed that the epithelial-mesenchymal transition (EMT) process could be inhibited by suramin, an heparanase inhibitor. A recent study revealed that non-steroid anti-inflammatory drugs such as acetyl salicylic acid inhibit proliferation and induce cell cycle arrest as well as apoptosis in different cancer cells (5) . Previously, we reported that an ovarian cancer cell line, OVCAR-3 NIH, expressed both cluster of differentiation (CD)-133 and CD-117 stem cell markers and secreted cytokines implicated in tumor growth and cell differentiation (6) . In another previous study, it was indicated that poorly differentiated ovarian cancer cells with a high proliferative index could be transported to other tissues with no proliferation potential (7) .
The differentiation of cancer cells to non-proliferated cells is well known. Previously, ~35 years ago, Flynn et al (8) described the use of 13-cis-retinoic acid for the treatment of acute promyelocytic leukemia (APL).Today, recent clinical trials have demonstrated that the majority of patients with APL could be definitively cured by the combination of 2 targeted therapies: Retinoic acid and arsenic (9) . APL cells have immature characteristics and can be differentiated to other non-proliferative myelocyte cell lines (10) . This example justifies the investigation of differentiation-inducing factors in solid tumor therapy. In a variety of solid tumors, a subpopulation of tumorigenic
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downregulates epithelial-mesenchymal and cancer stem cell markers cells was identified as cancer stem cells (CSCs) (11) . These CSCs have the ability to initiate tumor growth in immunocompromised mice (12) . CSCs, by giving rise to a large population of differentiated progeny, make up the bulk of the tumor but they lack tumorigenic potential (13) . An association between CSC and epithelial-mesenchymal transition (EMT) has been attributed (14) and these CSCs could acquire the differentiated phenotype following cytotoxic chemotherapy (15) . On the basis of the pluripotency of CSC, the aim of the present study was to demonstrate that the gastric cancer cell line, KATO-III, with a high proliferative tendency could be inhibited and differentiated into other cells in vitro using cell-differentiating inductors.
Materials and methods
Cell lines and reagents. The human SRCA cell line used KATO-III was obtained from the American Type Culture Collection (ATCC). The primary drug used, acetyl salicylic acid (Aspegic), was purchased from Sanofi-Aventis.
Cell culture. Cells were cultured in Iscove's modified Dulbecco's medium (IMDM) containing 10% heat-inactivated fetal bovine serum (FBS), 50 µg/ml of streptomycin, 50 IU/ml of penicillin and 2 nM of L-glutamine (Gibco; Thermo Fisher Scientific, Inc.). Cells were incubated at 37˚C in a humidified atmosphere containing 5% CO 2.
Cytokine array. The present study examined the supernatant of KATO-III cells grown in serum-free IMDM using a protein cytokine array (RayBio ® Human Cytokine Antibody; RayBiotech Life); this technique is based on the principle of the sandwich immunoassay (16) . It consists of screening, in duplicate, 174 different membrane-coupled anti-cytokines along with the appropriate controls (experiments were repeated 3 times).
KATO-III cells were incubated in IMDM at 37˚C in a humidified atmosphere of 5% CO 2 for 24 h. Non-adherent cells (10 6 cells/ml) from the culture flask were recovered by centrifugation (130 x g), washed with PBS (1X) and then re-suspended in serum-free IMDM. Concurrently, adherent cells from the same flask were washed with PBS (1X) and then incubated in the same conditions as those applied for non-adherent cells.
Following 24 h, the supernatants containing cytokines from adherent and non-adherent cells were retrieved and cytokines were allowed to couple with their specific antibodies previously immobilized on the nitrocellulose membranes. The membranes were saturated for 2 h at room temperature with bovine serum albumin (BSA). Incubation of the array membranes with supernatants was conducted overnight at 4˚C using the corresponding antibodies. Following several successive washes, the membranes were incubated in the presence of a mixture of antibodies and anti-cytokines biotinylated antibodies at 4˚C overnight. Streptavidin, coupled with horseradish peroxidase (HRP), was added to the membranes for 2 h at room temperature. The presence of the antibody-coupled proteins was evaluated by applying enhanced chemiluminescence (RayBio ® ) to the membranes, according to the recommendations of the manufacturer. Membranes were then exposed to photosensitive film (Kodak X-OMAT; Kodak).
The intensity of chemiluminescence captured on the photosensitive film was measured and recorded. Once the background noise was removed, the results were expressed as a ratio of chemiluminescence intensity of the experimental vs. control spots. The positive control was considered to be 1; a ratio value <-5 indicated a reduction of the cytokine and a value >+5 indicated an increase in cytokine expression.
RNA isolation, reverse transcription (RT) and quantitative polymerase chain reaction (qPCR). RNA isolation, RT and qPCR. Total RNA from the cells was extracted using a Qiagen RNeasy Mini kit (Qiagen GmbH) according to the manufacturer's instructions. RNA samples (70 ng/µl) were transcribed to cDNA in a 20-µl volume, using the QuantiTect Reverse Transcription kit (Qiagen GmbH). The mRNA expression levels of the different markers were detected by qPCR with β-actin as the internal reference, using Mesa Blue qPCR Master Mix Plus for SYBR ® assay (Eurogentec Ltd.) on the Mastercycler ® Realplex2 (Eppendorf).The thermocycling conditions for RT-qPCR were as follows: 95˚C for 5 min, followed by 40 cycles of denaturation for 15 sec at 95˚C, annealing for 20 sec at 60˚C and extension for 20 sec at 72˚C. The primer sequences and PCR product size for the target and reference genes are listed in Table SI .
Relative quantification was performed using the comparative quantitative cycle (Cq) method with Realplex software. The mean Cq of triplicate measurements was used to calculate ΔCq as the difference in Cq for the target and internal reference (β-actin) genes. The difference between the ΔCq of the control experiment (KATO-III) and the ΔCq of each sample were calculated to produce ΔΔCq. The fold increase in mRNA was calculated using the 2 -ΔΔCq method (17) . The PCR products of the cell lines following RT-qPCR were electrophoresed by E-Gel Precast Agarose Electrophoresis System (Invitrogen).
Fluorescence-activated cell sorting (FACS) analysis.
Confluent KATO-III cells (0.1x10 6 ) were seeded in a 25-cm 2 culture flask, followed by 24 h in either control or inductor media (StemPro ® Adipogenesis, Chondrogenesis, Osteogenesis Differentiation kit and Neurobasal ® medium) for 14 days or with 4.5 mM acetyl salicylic acid for 6 days.
The cells and tumor spheres were dissociated as a single cell suspension, washed with PBS and then labeled with antibodies (10 µl/1x10 6 cells), including mouse anti-human CD90 (2:100 dilution; cat. no. 559869; BD Biosciences) and CD117 (7:100 dilution; cat. no. 550412; BD Biosciences) at 4˚C in the dark for 30 min. The samples (minimum 10,000 cells) were analyzed by flow cytometry (FACSAria II; BD Biosciences).
Cell cycle distribution analysis. Cell cycle distribution was analyzed using the Click-iT™ Plus EdUAlexa Fluor 647™ Flow Cytometry Assay Kit (Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. The KATO-III cell line was incubated with IMDM and 5% FBS for 24 h. The following day, the cells were treated with or without 4.5 mM acetyl salicylic acid. Following 4 days of treatment, the cells were trypsinized, harvested and incubated in culture medium with 15 µ MEdU for 2 h. After incubation, the cells were washed with 1% BSA in PBS and 100 µl of Click-iT fixative was added for 15 min at room temperature. Following washing, the cells were incubated with the Click-iT Plus reaction cocktail including fluorescent dye (Alexa Fluor 647 picolylazide) for 30 min. The flow cytometric analysis was performed using a BD LSR II analytical flow cytometer (BD Biosciences). MultiCycle AV (Phoenix Flow Systems) DNA analysis software enabled the determination of the phase of cell cycle arrest by comparing the percentages of each cell stage (G1, S and G2/M) between the control and treatment groups.
Cell viability assay. Cell viability was assayed by a RealTimeGlo™ kit containing the MT Cell Viability Substrate and the NanoLuc ® Enzyme from Promega Corp. Briefly, confluent KATO-III cells (3x10 3 /well) were seeded on 96-well plates, and then 24 h later in either control or conditional medium with acetyl salicylic acid or inductor media (StemPro Statistical analysis. Data were analyzed using Student's t test and one-or two-way analysis of variance (ANOVA), followed by post-hoc Bonferroni's multiple comparison test when appropriated. Calculations were performed using commercial software (GraphPad Prism version 7.01 for Windows; GraphPad Software, www.graphpad.com). A two-sided P<0.05 was retained for statistical significance.
Results

KATO-III cell line in vitro.
As presented in Fig. 1A , the gastric cancer cell line KATO-III was observed in 3 forms in the culture medium. Adherent cells (indicated by an arrow), non-adherent cells (indicated by a double arrow) and cell clusters (indicated by a bold arrow; some were also non-adherent) were observed. When these cells (adherent, and combined isolated and cluster forms of non-adherent single) were grown separately in culture medium, they subsequently generated other forms. These results are indicative of the internal potential of cell transition in conditional medium. The profile of cytokines secreted under each condition is presented in Fig. 1B . The results revealed the high secretion of tissue inhibitor of metalloproteinase-4 (TIMP-4), Activin A, nerve growth factor receptor (NGFR), interleukin (IL)-2Rγ and IL-21R in adherent cells and stem cell factor receptor (SCFR), matrix metalloproteinase (MMP)-13, epidermal growth factor (EGF), MMP-1, Prolactin, transforming growth factor (TGF)-α, and sialic acid binding immunoglobulin-like lectin-5 (Siglec-5) in non-adherent conditions.
KATO-III cells present CSC as well as EMT markers.
As presented in Fig. 2A , RT-qPCR analysis demonstrated no alterations in the gene expression of the EMT-associated molecules, Slug, vimentin and α-smooth muscle actin (SMA) mRNAs when adherent and non-adherent KATO-III cells were grown separately for 1 week. By contrast, the presence of the CSC markers C-X-C chemokine receptor type 4 (CXCR-4), octamer-binding transcription factor (OCT)-3/4 as well as NANOG and NESTIN were confirmed in KATO-III cells as revealed in Fig. 2B .
Acetyl salicylic acid modifies heparanase, EMT and CSC marker expression in KATO-III cells in vitro.
When KATO-III cells were incubated (2, 4 and 6 days) with acetyl salicylic acid (4.5 mM), their morphology gradually changed (Fig. S1 ). Inhibition of cell proliferation (P=0.002; Fig. 3A ) and significant downregulation of heparinase (P=0.0289) expression in the SRCA cell line was observed in a time-dependent manner (Fig. 3B) . Mesenchymal markers such as Slug, vimentin and α-SMA (P=0.004) were downregulated while E-cadherin was upregulated (P=0.004; Fig. 3C ). Acetyl salicylic acid also decreased the expression of the stem cell markers, CXCR4, OCT3/4, NANOG and NESTIN (P= 0.004; Fig. 3D ), and CD90 and CD117 (Fig. 3E) . This phenomenon was associated with the inhibition of cell proliferation as well as EMT inhibition via the downregulation of heparanase and CSC markers.
Acetyl salicylic acid modifies the cell cycle in KATO-III cells.
Flow cytometry was used for cell cycle analysis as revealed in Fig. 4A . The majority of the cells presented an increase in the number of cells in the G0-G1 phase (20%). By contrast, this phenomenon was associated with a reduced number of cells in the S phase (reduction of 38% when compared with the control; Fig. 4B ). These results indicated that acetyl salicylic acid via the G0-G1 phase pathway inhibits cancer cell proliferation. and osteocytes (P= 0.004; Fig. 5A ). This phenomenon was associated with a high expression of E-cadherin (P=0.004) and the downregulation (P=0.005) of mesenchymal markers such as Slug, vimentin and α-SMA mRNAs (Fig. 5B) . By contrast, the conditioned media, except osteocyte-inducer medium, induced the inhibition of KATO-III cell proliferation (P= 0.002; Fig. 5D ). This inhibition was associated with the downregulation (P=0.004) of the stem cell markers CD90 and CD117 (Fig. 5C ).
Cell inducer differentiation media downregulates heparanase
Cell-inducer differentiation medium induces cancer cell differentiation. Adipogenic, chondrogenic, osteogenic and neurogenic differentiation of the KATO-III cell line was confirmed (Fig. 6) by the visualization of intracytoplasmic lipid drops stained red using Oil Red O (Fig. 6A) ; a blue coloration was observed due to proteoglycan synthesis using Alcian blue (Fig. 6B) , a red coloration was observed due to extracellular calcium deposits using Alizarin Red S (Fig. 6C) and dark black-violet was observed due to the extensive somata-associated accumulation of Nissl bodies, respectively (Fig. 6D) . These results confirmed the influence of selective medium on the mesenchymal characteristics of the KATO-III cell line.
Discussion
Apart from elimination therapies that increase the efficacy of cancer treatments, another method to control tumor progression is to induce the differentiation of CSCs (18) . In the present study, the differentiation of gastric SRCA cells (KATO-III) were targeted by downregulating EMT and CSC markers. The results revealed that KATO-III cells exhibited 3 phenotypes (adherent, non-adherent and spheroid cluster forms) that are capable of conversion between 2 distinct forms (adherent and non-adherent), a transition we refer to as reversible adaptive plasticity. In addition, no alteration in the RNA expression of EMT-associated molecules was demonstrated via qPCR when grown separately for 1 week. These results are consistent with those of She et al (19) who reported no difference in tumorigenicity in vivo when the side and non-side population of the KATO-III cell line were injected subcutaneously in nude mice.
The present study identified major cytokines significantly secreted by non-adherent cells, including Siglec-5, TGF-α, Prolactin, MMP-1, EGF, MMP-13 and SCFR while those of the adherent cells were TIMP-4, Activin A, NGFR, IL-2Rγ and IL-21R. There is evidence that Siglec-5 is involved in cell-cell interactions and tumor dissemination (20, 21) , MMP-1 and MMP-13 are implicated in the regulation of extracellular matrix degradation, prolactin was revealed to induce estrogen responsiveness in breast cancer cells (22) , TGF-α is implicated in the regulation of cell proliferation and migration through the activation of multiple pathways (23) and EGF and SCFR are thought to be involved in cell differentiation (24, 25) indicating that tumor dissemination and cell proliferation may be due to the non-adherent cells of KATO-III. Recent studies have also demonstrated that TIMP-4, as an anti-metalloproteinase, was implicated in cell adhesion (26) , Activin A was involved in the regulation of progesterone1 and estradiol production in JEG-3 (27) cells as well as the differentiation of granulosa cells via the activation of steroid hormone receptor (28) , while NGFR was a differentiating factor for nerve cells (29) and IL-2 served an adjunctive role in IL-21-induced B-cell differentiation (30) , suggesting that cell adhesion and differentiation are characteristics of KATO-III adherent cells. The present study also reported estrogen and progesterone receptors in KATO-III cells (data not shown).
The present study also identified the CSC phenotypes of Slug, Snail, vimentin, NANOG, NESTIN, OCT3/4 and CXCR-4. Recent studies have suggested that these CSCs are long-lived, and display quiescent potentials in a dormant state, and are responsible for angiogenic induction, cell proliferation, apoptotic resistance, self-renewal and differentiation (31, 32) . In the present study, to the best of our knowledge, it was revealed for the first time in a human SRCA cell line (KATO-III) that gastric cancer stem cells exist in the CD90-and CD117-positive fraction that had potential to differentiate into adipocyte, chondrocyte-, osteocyte-and neurocyte-like cells.
The present results revealed that KATO-III differentiated into adipocyte-, chondrocyte, osteocyte and neurocyte-like cells using inducer media. The inhibitory effect of inducer media on KATO-III proliferation, EMT and stem cell marker expression was observed. This inducing media also significantly downregulated the expression of heparanase. This research is consistent with that of Masola et al (33) on the heparanase-mediated EMT of renal tubular cells. Epidemiological evidence has indicated the chemopreventive effect of acetyl salicylic acid in cancer treatment however the molecular basis for this effect is not fully known (34, 35) . Consistently, it has been reported that regular acetyl salicylic acid users have a lower risk of breast (36, 37) , gallbladder (38) , prostate (39) , gastric (40, 41) and non-small cell lung cancer (42) . A growing body of evidence has revealed that acetyl salicylic acid is the inhibitor of the enzyme, heparanase (43) . The aim of the present study was also to focus on the regulation of EMT by altering the expression of EMT markers by using acetyl salicylic acid. This was investigated in the KATO-III cell line, which revealed the significant inhibitory effect of acetyl salicylic acid on EMT and heparanase expression as well as cell proliferation. The present results are in agreement with those of Masola et al (44) who reported heparanase involvement in EMT and the cell proliferation of renal tubular cells. The results of the present study demonstrated that acetyl salicylic acid induced a marked degree of inhibition of EMT and proliferation in the KATO-III cell line. Similarly, acetyl salicylic acid also induced G0/G1 cell cycle arrest up to 20% and inhibited the S phase by up to 38% of the cell population. The limitation of this study was the inability to isolate single and cluster forms of non-adherent KATO-III cells independently due to unavailability of a technique. Incorporating new technologies in future may potentially isolate such types of non-adherent cells for further studies at the protein level.
In conclusion, the inducer media had the ability to induce the differentiation of KATO-III cells. Acetyl salicylic acid has been revealed to be effective in the prevention and treatment of EMT-associated metastasis. Therefore, it is important to continue efforts to identify therapies that can treat cancers no longer susceptible to current treatments. The results of the present study provide a basis for the development of more effective treatment strategies for controlling gastric cancer in the future.
